Renin and hypertensin may be easily assayed with the isolated guinea-pig ileum, which is as sensitive as the vascular toad preparation. Hypertensin itself is the substance which acts on the smooth muscle of the ileum.
T HE PROBLEM of the participation of the renin-hypertensinogen-hypertensin system in the mechanism of desoxycorticosterone-hypei'tension might be attacked successfully only by the application of a sensitive method of renin assay, for it was clear from a previous study 1 that if renin is liberated from the dexosycorticosterone-hypertensive kidney, the amount is small. Unfortunately the assay methods available were not sensitive enough to afford reliable data when small concentrations of renin or hypertensin had to be handled. The most sensitive method yet described, that of Fasciolo and Taquini, 2 based on the perfusion of the toad's hindlegs, when applied to Bufo ictericus Spix, was unsuitable to estimate hypertensin quantitatively. Therefore, another method of renin determination was needed. Collins and Hamilton 3 employed the isolated guinea-pig ileum as a simple and sensitive test object for hypertensin assay, and we succeeded 4 -5 in demonstrating that it may be used to perform a fourpoint assay of hypertensin solutions, following the procedure used when the blood pressure of pithed animals 6 was chosen as test preparation. Since renin is usually assayed in terms of the hypertensin it produces under standardized conditions we thought that the guinea-pig ileum method would be useful to estimate minute amounts of renin. Further data regarding the guinea-pig method of hypertensin assay and its application to renin determination are here presented.
METHODS

Guinea-Pig Ileum Preparation.
Infantile guineapigs, ISO to 250 Gm. in body weight, are killed and bled out. The terminal ileum is removed and washed with warm Tyrode's solution; a segment 3 cm. long is suspended in a 10 ml. Dale's chamber at 35 C. and the gut longitudinal contractions registered with a frontal lever giving fivefold magnification. The solutions to be tested are left in the bath for one and one-half minutes, successive closes being added every five minutes. The reactivity of the preparation is checked with histamine, 0.05 microgram usually being enough to evoke a rapid and strong contraction. Hypertensin induces a slower increase of the tonus followed by rhythmic contractions.
Renin Assays. Renin assays were performed after incubation of the unknown samples with hypertensinase-free hypertensinogen. Hypertensinogen was prepared from plasma of 24-hour nephrectomized dogs, in accordance with Braun-Metiendez and colleagues. 7 The destruction of its hypertensinase was done by the method of Dexter, Haynes and Bridges. 8 A sufficient amount of hypertensinogen, usually 2 to 5 ml., is adjusted to pH 7.4 and different amounts of the renin-containing samples added. Renin was prepared and freed of hypertensinase following the directions given by Braun-Menendez and coworkers. 7 Following an incubation period of two hours at 37 C , the pH is lowered to 4.8 and the mixture boiled in a water bath during 10 minutes. The precipitated proteins are removed by filtration through wet filter paper and the limpid filtrate made up to the desired volume. Adjusting the pH of this aliquot back to about 7.0, before testing on the ileum, was found to be unnecessary. co-workers, 8 we here define one renin unit as the amount of rcnin which yields ] hypertensin Indianapolis unit when incubated for two hours, at 37 C , pH 7.4, with excess of hypertensinogen free of hypertensinase.
Laiocn-Trendelcnburg (L. T.) Preparation. The hindlegs of toads were perfused with Hiilse's fluid, following the details given by Rapela. 9 Pithed Cat Blood Pressure. Pithed cats were prepared according to the method of Shipley, Helmer and Kohlstaedt. 10 Standard Hypertensin. The hypertensin preparation (EPIIa) used in these experiments was previously standardized against hypertensin kindly furnished by Dr. O. M. Helmer by a four-point assay method, 1 mg. being equivalent to 2.5 Indianapolis units. Although this criterion for expressing the potency in units is unsatisfactory, it will be used throughout this work as there is no other accepted way of expressing hypertensin strength. The Indianapolis unit is the amount of hypertensin which elevates the blood pressure of a pithed cat 30 to 50 mm. Hg.
RESULTS ASD COMMENTS
Dose-Response Relationship. It was verified that renin itself, up to 12 Indianapolis units, has no action upon the gut ( fig. 1) ; an active substance appeared following incubation with, hypertensinase-f'ree hypertensinogen. When increasing doses of renin are incubated with excess hypertensinogen, one gets increasing doses of hypertensin as evidenced by the heights of the ileum contractions ( fig. 2) .
Sensitivity of the Gitinea-Pig Gut. A comparison was made between the sensitivity of In brackets, microgriuns of EPIIa; non bracketed figures arc the heights in mm of the guinea-pig ileuin contractions.
the isolated guinea-pig gut and that of the Lawen-Trendelenburg preparation to EPIIa. Table 1 shows the contractions produced by a series of guinea-pig ileums when different amounts of hypertensin were introduced into the bath. The sensitivity of the intestinal strips varies a great deal, but the average response (four ileums, eight contractions) to 20 micrograms was 30 mm.; to 30 micrograms of the same preparation of hypertensin (four ileums, 13 contractions) it was 40 mm. height.
When hypertensin is injected into the Liiwen-Trendelenburg preparation, a strong and lasting vasoconstriction takes place; depend- ing on the dose, many minutes elapse before the number of drops per minute returns to its previous value. In table 2 are registered the maximal absolute decreases in the number of drops per minute flowing from seven different toad preparations following injections of epinephrine or hypertensin. Toad preparations sensitive to 1 microgram (and even tenths of a microgram) of epinephrine could detect 10 micrograms of EPIIa (0.025 Indianapolis units) as the approximate lower limit of sensitivity. In five toads, given seven 10-microgram injections, the average decrease was seven drops. One may conclude then that the guineapig gut and the toad vascular preparation are of the same order of sensitivity to hypertensin. On the other hand, when one compares the sensitivity of both preparations with that of the blood pressure of pithed rats or cats, one observes that it is 10 to 20 times larger depending on the particular sensitiveness of the biologic preparations being compared.
As may be seen from table 2 there is a relationship between the vasoconstriction produced and the dose of hypertensin injected into the Lawen-Trendelenburg preparation. The main disadvantage of the preparation lies in the fact that one has to wait many minutes, usually up to 20, before it is ready for the next injection; during this time sensitivity may vary so greatly as to interfere with the precision of the observations. The ileum may be used every five minutes or so, with evident the Lawen-Trendelenburg preparation nor the guinea-pig gut react specifically to hypertensin. When renin is assayed, however, there is no possibility of nonspecific responses, because it is determined following incubation with hypertensinogen where a blank is used as control.
Although it was probable, from Luducna's work," that the substance acting on the blood pressure is the same which contracts the smooth muscles, we had the opportunity of adding some more evidence in favor of his observations. Different hypertensin preparations were assayed one against the other, using a four-point experimental design, both with the pithed animal blood pressure and the isolated guinea-pig gut; the relative potencies were approximately the same (table 3) . One hypertensin (EPIId) was further purified by chromatography through a pulp paper column (Helmer 12 ) and assayed both with the blood pressure and the guinea-pig gut methods; it showed increased activity with both assay methods (figs. 3, 4 and table 3).
Other evidence that the substance which acts on the blood pressure is the same as that which contracts the guinea-pig ileum will now be given. A previously purified hypertensin (50 Indianapolis units per milligram) was chromatographed on a Whatman no. 1 filter paper strip, in an atmosphere of nitrogen, using as solvent a solution consisting of butanol, acetic acid and water (4:1:5) (Partridge 13 the strip was dried in vacuum and cut in 40 transverse segments. Each small segment was elutcd with 1 ml. of water. When 0.5 ml. sample of the eluates were tested on the gut, practically the whole activity was found to be confined to the region corresponding to segments IS, 19, and 20. All other segments, but 17, which had little activity, contained no active substance. The same eluates were tested on the blood pressure of a pithed cat, a pressor substance being present only in the eluates corresponding to segments 18, 19 and 20. These results seem to be the definite proof that hypertensin is the substance acting on the smooth muscle of the gut, a demonstration which was necessary before the guinea-pig ileum methods entered routine use in these laboratories.
SUMMARY
The response of the isolated guinea-pig ileum may be used as a convenient method of renin and hypertensin assay. Evidence, derived both from quantitative and chromatographic studies, is given that hypertensin itself is the substance that acts on the smooth muscle of the ileum. The sensitivity of the guineapig ileum to hypertensin is comparable to that of the Lawen-Trendelenburg preparation with Bufo ictericus.
Both the ileum and the Lawen-Trendelenburg preparation can detect 10 to 20 micrograms (0.025 to 0.05 Indianapolis units) of a standard hypertensin preparation.
